Use of Multifrequency Airborne Radar Measurements for GPM Algorithms
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Objectives RADEX/OLYMPEX: GPM Overpass / Aircraft Coordination on 3 Dec 2015

t NASA’s Global Precipitation Mission (GPM) and Aerosol Chemistry Ecosys- DPR-Ku Swath ~15:22 UTC DPR-Ku Vertical Slice

tem (ACE) Mission Formulation have conducted two recent field cam- 5 Sl GPM 3 DEC 2015 15:22 UTC Pass ER-Z.R.adar4-frequency
baigns using the instrumented NASA ER-2: N weth Reflectivity 15:05-15:25 UTC ~ ER-2 Radar Dual-Frequency Ratio
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May-June, 2014: Integrated Precip. and Hydrology Experiment (IPHEXx)
Nov-Dec, 2015: Radar Definition Experiment(IPHEx)/OLYMPEXx

» Here we highlight a few cases from the IPHEx and RADEX campaigns
with emphasis on the ER-2 radar measurements, and preliminary micro-
physical retrievals.
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» NASA ER-2 remote sensing aircraft was instrumented with 3 radars @ 4
frequencies from X- to W-band. Also, the UND Citation, ground-radars,
and DC-8 (OLYMPEXx) participated.
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DPR Ku and Ka-band reflectivity interpolated
to ER-2 radar profiles. Olympic mountains
are white region in top plot.

Dual-frequency ratios (above): DFR
(Ku/Ka) and DFR (Ka/W). These values
are not attenuation corrected. The DFR
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“Column physics” has been a high priority in these campaigns, to better DPR Ku and Ka-band reﬂect/wty at22km al— - - (Ka/W) is enhanced above the melting
understand what is observed from spaceborne radars and radiometers, ““;de and 36-,7 0 km;fDP R d?;a c ’;?;egfollff?d """" S NPOL | NPOLPPIscanat 15:19 ﬁ:‘;ﬁ;ﬁé’éﬁ’%ﬁ;’;ﬁ gsi;’crsns,’v’?;fr'zi‘c’é
and the characteristics of clouds and precipitation below. and mapped to uniform grid. Solid blackline S5 ERE il UTC and 1.5 degrees for hose
is the ER-2 track. Blue line is satellite nadir. < %« °g same region as DPR . e D s ey G
. . . . This and other DPR plots use ZFactorMea- § e 1S section to left.ER-2 fight Wz DSTRm o e
IntegratEd PrECIPItatlon Hyd rOIOQy EXperIment (IPHEX) sured reflectivity. NPOL position is marked i “ "Im track is shown by black ER-2 radar measurements from X-band (top) to W-band
with an “X” s & o Jine and NPOL position (bottom). Melting layer is at approximately 2 km. Peaks
Cloud Radar | Conical Scanning Millimeter- ER-2 X-Band Radar - - is marked with an “X” in Olympic Mountains are obvious on right side of plots.
System (CRS] wave ma{gﬂgﬁ;iaélllnmater GMI (EHRAD]
Radar Retrieval - IPHEx - 12 June 2014
Radar Retrieval Framework oh 1 and Retrieved Reflactivit
- Dual-frequency (Ku/Ka) radar profiling algorithm (Grecu et al,, served an etrieve eriectivity
2011, J. Appl. Meteor. Climatol.) with improvements for the addi- - Qpeerved Kaband reflecivity , LObserved W-band reflectivity
tion of W-band & ice phase. 7| . | a2
- Derive ensemble of Nw-dependent, Ka-band retrievals 2o g I
(multple locations ; @ - Simulate W- (Ku-) band reflectivity observations from the Ka- re- . Observed Ku-band Reflectivity _ dBZ L\ ) AN e
trievals 71 o 12 June 2014/ l45.0 ,—oiieved Ka-band reflectivity _ Retrieved W-band reflectivity
Radar: 9.6, 13.5, 35.,94 GHz =6 - 375 s ’ E
Radiometer: 10.7 (H&V), 19.35 (H&V), 37.1 (H&V), - Adjust Ka-band retrievals to maximize the agreement between =, ,‘ | g, £ !
50.3, 52.6, 85.5(H&V), 89 (H&V), 165.5 (H&V), simulated and observed W- (Ku-) band reflectivity 23| N 150 £ 5.k )
183.3+/1, 183.3+/-3, 183.3+/-7 GHz . L | Iv.s : :
. . . . . . AssumptlonS: obl— -~ — o] Hgy -The attenuation in the melting layer is = — = =
- 15 science flights that sampled a variety of precipitation systems. / Particles < ed Us ied dicte . Observed Ka-band Reflectivity _ dBZ most likely overestimated. Distance tom
. Coordinated flights with UND Citation in situ aircraft. bart.IC es sizes are parameterized using normalized gamma distri- . j liz Retrieved Precipitation
- 3 land-based calibration flights for radiometer/radar background sta- utions. < | 1%°° Retrieved ice water content _g/m3 ;- _Retrieved rain water content_g/m3
tistics, for better PIA estimates . v’ mis assumed known, while Nw and Dm are retrieved. 5: 225 ) | °|
. . . . . . . . . 2 ' 8 | 0.54 o | 0.54
- Radar calibration manuevers during 3 over water flights. v Dm is retrieved for every gate, while Nw is retrieved for every gate [l | I?-s e | | |
« 5 GPM underpasses (2 within DPR swath); one with precipitation above the freezing level and assumed constant below frz level. : Observed W-band Reflectivity ng: goifs i o3 gof RLE
- 1 TRMM underpass; 1 CloudSat underpass during clear conditions. v All the other variables (e.g. precipitation water content, precipi- A : !25 " | Hozs °‘ | Hozs
ACE Radar Definiti E . t (RADEX) tate rate, etc.) are derived from Nw, Dm and m. = 5| T w? I Y r—w—‘ — I
adar venniion Xperlmen v’ Rayleigh Gans approximation (Westbrook et al. 2008) used at 23 o e | | -
W-band. | | N : Retrieved Dm
v Masunaga et al. (2010) model is used to derive the electromag- Distance (km) _ RetrievediceDm_____ mm _ RetrievedRainDm _ mm,
: . : Observed W, Ka, and Ku-band Ref- o - o ]
netic properties in the melting layer. lecitivity from 12 June 2014 1 N | M.,
v’ The fast multiple scattering model of Hogan and Battaglia (2008) - g 1
is incorporated into the framework. < \ A
v No significant multiple scattering effects are predicted by the : L I ..
1 ' 3l | '
Fpe model for the June 12, 2014 case. i | I m I
) ;ZDSC|e2nOc1e6ﬂ|ghts clolslely ccordln.art]ecci:lpv,l//:th DC-8 and UND Citation Mie calculations for snow based on the soft sphere approximation s e m s
o . . Distance (km) Distance (km
¢ was excellent case wit OVEIPass. assuming constant density (e.g. r=0.1gcm3).
Date Description ER-2 EXRAD | HIWRAP CRS DC-8 Citation
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s ol o ko Heymsfield, G.M. and co-authors, 2013: Airborne radar observations of . Coordinated observational studies between ER-2, Citation, and
24 Nov-16jidee potiontalclouts__________jsowame | N | ¥ | ¥ jsesaons fisssoue severe hailstorms Implications for future spaceborne radar. J. Appl. d radars for IPHEx and RADE
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st ssoated with an ool g o e R Grecu, M., L. Tian, W. S. Olson, S. Tanelli, 2011: A robust dual-frequency - Quantitative radar comparisons with GPM, DC-8, and ER-2 radars.
=S e radar profiling algorithm. JAMC, 1543-1557. - Examine beam filling, multiple scattering, etc. with data sets.
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